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Abstract

Background: Pain is a common symptom requiring timely treatment. This study aimed to quantify the analgesic potential of a decoctate (DXA) and a
hydroethanol extract (EHEXA) of Ximenia americana, and also to assess the role of opioid receptors.

Materials and Methods: Analgesic effects were measured using Writhing and formaldehyde tests, and the mechanism was investigated by blocking opioid
receptors. Efficacy (Emax) and potency (EDs,) were the main evaluted pharmacodynamic parameters.

Results: In writhing test, both extracts reduced dose-dependently abdominal contortions for up to 90 minutes, with Emax values of 100%. EDs, ranged from
2.84 -1.60 mg/kg (DXA), 7.94 - 0.6 mg/kg (EHEXA), 19.05 - 16.50 mg/kg (paracetamol), and 2.81-3.16 mg/kg (tramadol).

In formaldehyde test, both extracts reduced again dose-dependently neurogenic and inflammatory pain. Enax values were 42% and 55% for neurogenic pain,
and 65% and 82% for inflammatory pain (DXA and EHEXA, respectively). Potency (EDs,) values were around 6 - 7.5 mg/kg of Ximenia americana.
Administration of naloxone (Opioid receptor antagonist) inhibited the analgesic effect of the extracts, with a reduction of 23 to 74% for DXA and 42 to 84%
for EHEXA from 30 minutes to 90 minutes after, indicating opioid receptor involvement.

Conclusion: Ximenia americana extracts showed analgesic effects comparable to reference drugs (paracetamol, tramadol, ketoprofen) and may act as partial
opioid receptor agonists at doses >10 mg/kg, supporting their potential use in managing mild to moderate pain.
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different types of extracts (methanolic, ethanolic, aqueous)
corroborate its analgesic activity,®”° but few have quantified

Pain, a complex response to tissue damage,’ represents a  this effect using pharmacodynamic parameters.
major therapeutic challenge, particularly for developing

countries where traditional medicine is widely used.? WHO Most existing research on Ximemia americana reports
estimates that more than 80% of Africans use traditional short-term effects (< 30 min) and uses single-dose
remedies.®> Ximenia americana (Olacaceae) is among  protocols.®"%! Several approaches have been put forward to
traditionals plants used for pain relief, although its  explain the mechanism of action, but in these studies a single
pharmacological properties remain underexplored.*® dose is used.'* This study aimed to evaluate effect of Ximemia

americana extracts (DXA and EHEXA) in acute pain models

A preliminary study conducted by our team showed that  gyer 4 90-minute period, and study their interactions with
decoctate (DXA) and hydroethanol (EHEXA) extracts of  gpigid receptors.

Ximenia americana inhibited pain.’ Other studies using
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2. Materials and Methods

2.1. Plant material

Ximenia americana trunk bark was collected in Tiebila (Poro
region, Coéte d'Ivoire) and authenticated at the National
Floristic Center, Félix Houphouét-Boigny University
(herbarium no. UCJ013289).

2.2. Animal equipement

Swiss mice (20-30 g) and Wistar rats (150-200 g) from the
animal facility of Félix Houphouét-Boigny University were
used. Animals were housed under standard conditions (20—
25 °C, 12 h light/dark), fasted for 4 hours before testing, with
water provided ad libitum, following OECD guidelines.?

2.2.1. Solvents and chemicals

1. Paracetamol 500 mg tablet from SANOFI Laboratory
(Doliprane®)

2. Tramadol 50 mg capsule from ACINO Laboratory

(Trabar™-50)

Acetic acid 100% from PROLABO Laboratory

NaCl 0.9% (500 ml) from Pharmivoire Nouvelle

Laboratory

Formaldehyde 1%

Distilled water

Carrageenan

Profenid® 100 mg tablet (Aventis Pharma)

Naloxone 0,4 mg/ml solution for injection from

AGUETTANT

~ow

© NG

2.3. Preparation of extracts

Ximenia americana bark was cut, dried for 2 weeks at room
temperature in the dark, then ground into a 1 mm powder and
stored in a sealed container.®

2.3.1. Preparation of the decoction of Ximenia americana L.
trunk bark

Following Boolamou et al. (2015), 200 g of bark powder was
boiled in 2 L of distilled water for 10 min, filtered (cotton
wool, then Whatman No. 3), and dried at 50°C for 72 h to
obtain the aqueous extract.*®

2.3.2. Preparation of the hydroethanolic extract of Ximenia
americana L. trunk bark

Two hundred grams of dry bark powder were macerated for
24hin 2 L of 70:30 ethanol-water at room temperature. The
filtrate (1,455 mL) was filtered and dried at 50 °C for 72 h.
The dry extract was stored at 4 °C for further use.*

2.4. Quantification of secondary metabolites
2.4.1. Determination of total phenolic content

Total phenolic content was measured by the Folin-Ciocalteu
spectrophotometric method, following Singleton and Rossi
(1965). Extracts were mixed with Folin reagent and 7.5%
sodium carbonate, incubated for 30 min, and absorbance was

read at 765 nm. Quantification used a gallic acid standard
curve (0-1000 pg/mL)."

2.4.2 Determination of Total Flavonoid Content

Flavonoids were quantified spectrophotometrically via
complex formation with AICI;. Extracts were mixed with 5%
NaNO,, 10% AICI;, and 1 M NaOH, then absorbance was
measured at 510 nm. Quantification used a quercetin standard
curve (0-1000 pg/mL).1

2.4.3 Alkaloid ouantification

Alkaloids were quantified spectrophotometrically using
Dragendorff’s reagent under acidic conditions (pH 2-2.5).
After centrifugation, washing, and dissolution in nitric acid,
thiourea complexation was measured at 435 nm. Atropine
was used as the standard (0—1 mg/mL), with results expressed
as atropine equivalents per 100 g or 100 mL.*6

2.5. Pharmacology test activities

2.5.1 Dorso-abdominal writhing test induced by 1% acetic
acid

The method used was that described by Zimmermann.t’
Mice were divided into 23 groups of five (5) mice each:

1. Group 1: Negative control group treated orally with
physiological water.

2. Group 2: Group treated orally with paracetamol at 100
mg/kg body weight (bw).

3. Group 3: Group treated orally with tramadol at 25
mg/kg bw

4. Groups 4 to 13: Experimental groups receiving a range
dose of Ximenia americana decoction.

5. Groups 14 to 23: Experimental groups receiving a
range dose of hydroethanolic extract of Ximenia
americana.

2.5.1.1. Expression of results!’

Mean (M) writhing responses were calculated for each group.
Pain inhibition (%) was determined by comparing treated
groups (extracts, paracetamol, tramadol) to the 0.9% NaCl
control, using the following formula:

% Inhibition
(M. control group writhing — M. treated group writhing) 1
= x

M. control group writhing

00

A significant reduction in the mean number of writhing
responses compared to the control group is considered an
analgesic response.

2.5.2. Formaldehyde-induced paw irritation test in rats

Formaldehyde test assesses pain by inducing a biphasic
response: an early nociceptive phase (0-10 min) and a late
inflammatory  phase  (15-60 min).  Pain  behavior
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(licking/flinching) is measured

efficacy.1819

to evaluate analgesic

Rats were divided into 23 groups of five (5) mice each:

1. Group 1: Negative control group treated orally with
physiological water.

2. Group 2: Group treated orally with paracetamol at 100
mg/kg body weight (bw).

3. Group 3: Group treated orally with tramadol at 25
mg/kg BW

4. Group 4: Group treated orally with acetic salicylic acid
at 100 mg/kg bw

5. Groups 5 to 13: Experimental groups receiving a range
dose of ketoprofene (IP administration)

6. Groups 14 to 22: Experimental groups receiving a
range dose of Ximenia americana decoction (orally
administration)

7. Groups 23 to 31: Experimental groups receiving a
range dose of hydroethanolic extract of Ximenia
americana, administered orally

2.5.2.1. Expression of results:181°

The percentage of inflammation inhibition was estimated
using the following formula:

% Inhibition

(Licking time control group — licking time treated group ) 100
= x

Licking time control group

2.5.3. Testing involvement opioid receptors in analgesic
effect of Ximenia americana extracts.

Opioid involvement was assessed via pharmacological
antagonism using naloxone (2 mg/kg, i.p.) administered
15 min before extract treatment. The 1% acetic acid writhing
test was conducted 30 min later, with contortions recorded
over three 10-minute periods, separated by 20-minute
intervals. Mice were divided into 17 groups of five.20-%2

Mice were divided into 17 groups of five (5) mice each:

1. Group 1: Negative control group treated orally with
physiological ~water and naloxone 2 mg/kg
intraperitoneally.

2. Groups 2 to 3: Group treated intraperitoneally with
naloxone 2 mg/kg and orally with tramadol at doses of
10 and 25 mg/kg PC.

3. Groups 4 to 10: Experimental groups treated
intraperitoneally with naloxone 2 mg/kg and orally with
a range dose of Ximenia americana decoction.

4. Groups 11 to 17: Experimental groups receiving
intraperitoneal administration of naloxone 2 mg/kg and
a range dose of hydroethanolic extract of Ximenia
americana, orally administration.

2.6. Ethical considerations

Animal experiments followed ethical guidelines (e.g.,
IACUC or EU regulations) and were approved by

[institution/committee]. Efforts were made to minimize
suffering and reduce animal use, adhering to the 3Rs
(Replacement, Reduction, Refinement). The study required
animals to investigate pharmacological effects.?

2.7. Data treatment and analysis

Data were entered in Excel 2016 and analyzed using
GraphPad Prism 9.3.0. Results are expressed as mean = SD.
Mean comparisons were made using the Kruskal-Wallis test
(a=0.05).

3. Results

3.1. Determination of some secondary metabolites in
Ximenia americana bark extracts

Table 1: Results of the determination of alkaloids,
polyphenols and flavonoids in Ximenia americana extracts

Extracts Alkaloids Polypheno | Flavonoids
Is
C(mgEAT/g | C(mgEAG/ | C(mgEQ/g
Ext) g Ext) Ext)
EHEXA 0,13+0,015 3,45+0,12 | 319,5+60,67
DXA 0,08+0,01 3,24+0,01 | 170,83+09,78

EAT: Atropine Equivalent; EAG: Gallic Acid Equivalent;
EQ: Quercetin Equivalent

Table 1 shows EHEXA had slightly higher alkaloids
(0.13+0.015 vs 0.08+0.01 mg EAT/g) and similar
polyphenols (3.45+0.12 vs 3.24+0.01 mgEAG/g) compared
to DXA. However, EHEXA contained significantly more
flavonoids (319.5+60.67 vs 170.83+9.78 mgEQ/qg).

3.2. Dorso-abdominal writhing test induced by acetic acid
1%

3.2.1. Analgesic potentiel

= DXA

= EHEXA
PARACETAMOL

== TRAMADOL

—-—H20

Number of writhing

T T T T T T T T T T T T T T >
o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Administered doses (mg/kg)

At time T60 minutes

Kruskal-wallis test: Values expressed as mean standard deviation;
risk a=5%; Significant difference *p < 0.05; ** p < 0.01; *** or
**** pn < 0.001; of extract compared with H20 negative control
group.

Figure 1: Effect of Ximenia americana extracts on
contortions at T 60 minutes
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Table 2: Writhing inhibition at t 60 minutes

Table 3: Writhing inhibition at t 90 minutes

Table 2 shows the percentage inhibition of abdominal
writhing in mice 60 minutes after substance administration.

At 60 minutes, both extracts showed dose-dependent
analgesia (p<0.05 at >2.5 mg/kg). EHEXA reduced
contortions from 19% (0.25 mg/kg) to 100% (150 mg/kg),
while DXA ranged from 10% to 98%. Their maximal effects
matched reference drugs (tramadol 100% at 25 mg/kg;
paracetamol 88%), though requiring higher doses (50-150
mg/kg). Activity profiles were similar between extracts.

= DXA

== EHEXA
PARACETAMOL

= TRAMADOL

== H20

e

T T T T T T T T T T T T T T T +
o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Administered doses (mg/kg)

At time T90 minutes

Number of writhing
Y

Kruskal-wallis test: Values expressed as mean standard deviation;
risk a=5%; Significant difference * p < 0.05; ** p < 0.01; *** or
**** n < 0.001; tramadol compared with H20O negative control
group.

Figure 2: Effect of Ximenia americana extracts on
contortions at T 90 minutes

At T90, both extracts showed dose-dependent analgesia,
EHEXA: 33% reduction at 0.25 mg/kg — 100% at 150 mg/kg
(significant at >1 mg/kg, p<0.05); DXA: 7% at 0.25 mg/kg
— 100% at 150 mg/kg (significant at >2.5 mg/kg, p<0.05).
Both matched reference drugs' efficacy (paracetamol 93%,
tramadol 100%) but required higher doses (2.5-150 mg/kg vs
tramadol's 25 mg/kg for full effect).

DOSE DXA | EHEXA | Tramadol | Paracetamol DOSE DXA | EHEXA | Tramadol | Paracetamol
(mg/kg) (mg/kg)
0,25 10% 19% 11% 3% 0,25 7% 35% 9% 0%
05 18% 28% 15% 3% 0.5 23% 64% 13% 3%
1 41% 51% 15% 6% 1 34% 68% 15% 16%
2 55% | S59% 43% 24% 2 49% | 76% 31% 18%
25 82% 76% 100% 62% 10 76% 82% 90% 29%
100 85% 92% 100% 88% 0 0 0 0
150 100% | 100% 100% 92% 100 91% 93% 100% 93%
150 100% | 100% 100% 98%

Table 3 shows the percentage inhibition of abdominal
writhing in mice 90 minutes after substance administration.

3.2.2. Determination of pharmacodynamic parameters
(efficacy-potency)

100—s = = = = = = =« = = = = = = = = = = = P
05-
20

DXA
85+ TRAMADOL

80—

(AN

75
70
65—
60
55—
S04 = » = = = 2 o s h o 2fe 0 ofelafe 2 2 s 2 s s 2 s e e .
45
40—

35—

inhibition pourcentage (%)

30
25
20
15
10

5 -
- Emax

1.0 0.5 0.0 0.5 1.0 1.5 2.0 2.5 a0
Log DOSE (M)

AT 60 minutes

Norlin-fit test: Contortion inhibition rate; Values expressed as mean
deviation. Significant difference in inhibition of extracts (DXA
(p=0.024) and EHEXA (p=0.024) and tramadol (p=0.023)
compared with paracetamol. Non-significant difference between
tramadol-EHEXA (p=0.001) and tramadol-DXA (p=0.053).
Figure 3: Dose-percentage for inhibition curve of Ximenia
americana extracts at T 60 minutes.

All compounds (DXA, EHEXA, paracetamol and
tramadol)  showed identical ~maximum efficacy
(Emax=100%) at T60. EDsy comparisons revealed: DXA
(1.60 mg/kg,) was 2 times more potent than tramadol (3.09
mg/kg, p=0.053) and 10 times more potent than paracetamol
(12.58 mg/kg, p=0.024). EHEXA (7.07 mg/kg) was 2 times
less potent than tramadol (p=0.087) but 2 times more potent
than paracetamol (p=0.024). DXA was significantly more
potent than EHEXA (p<0.05). Tramadol showed
intermediate potency: stronger than paracetamol (p=0.023)
but comparable to DXA (p=0.053) and superior to EHEXA
(p=0.001).
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Norlin-fit variant Anderson-Darling test: Contortion inhibition rate;
Values expressed as mean deviation. Significant difference in
inhibition of extract and tramadol compared with paracetamol
(extract-paracetamol: p = 0.0046; tramadol-paracetamol: p <
0.0001). Significant difference tramadol-extract p = 0.0237
Figure 4: Dose-percentage inhibition curve for Ximenia
americana extracts at T 90 minutes

Both Ximenia americana extracts showed comparable
maximum efficacy (Emax=90%) to reference drugs
(paracetamol and tramadol, Emax=100%) at T90 minutes.
EDso analysis revealed: DXA (1.70 mg/kg) 10 times more
potent than paracetamol (p=0.021) and 2 times more potent
than tramadol (p=0.087, NS). EHEXA (0.60 mg/kg) 20 times
more potent than paracetamol and 5 times more potent than
tramadol (both p=0.001). EHEXA was 2.5x more potent than
DXA (p<0.05).

3.3. Formaldehyde-induced paw irritation test in rats

100 Emax
907 -+ KETOPROFENE
- DXA .

7 « EHEXA

Licking inhibition (%)

70-

60

=+ tramadol

Log DOSE (M)
Neurogenic phase
Norlin-fit test: Inhibition rate of the licking time of the right hind
paw; Values expressed as mean deviation. Non-significant
difference in inhibition of neurogenic pain by extracts (DXA
(p=0.001); EHEXA (p=0.0001) compared with ketoprofen and
DXA-EHEXA (p=0.910).

Figure 5: Dose-percentage for inhibition curve of Ximenia
americana extracts during the neurogenic phase of the
formaldehyde test

During neurogenic phase of formaldehyde test, Efficacy
(Emax) of Tramadol (94%) > EHEXA (55%) (p=0.001)>
ketoprofen (45%) > DXA (42%). Potency (EDsg): EHEXA
(6.28 mg/kg) ~ DXA (6.48 mg/kg) (p=0.901, ns)> ketoprofen
(9.04 mg/kg) > tramadol (15.47 mg/kg)

100 1
-~ KETOPROFENE

- DXA Enmax
- EHEXA .
20 - tramadol E *

Licking inhibition (%)

|
1
1
10 1
1
: DEsp
T T T T 1
-1 o 1 2 3
Log DOSE (M)
Late phase

Norlin-fit test: Inhibition rate of the licking time of the right hind
paw; Values expressed as mean deviation. Non-significant
difference in inhibition of inflammatory pain by extracts (DXA

(p=0.001) and EHEXA (p=0.001) compared with tramadol and
DXA-EHEXA (p=0.910).

Figure 6: Dose-percentage curve for inhibition of Ximenia
americana extracts during the inflammatory phase of the
formaldehyde test.

Anti-inflammatory effect (late phase) showed Efficacy
(Emax) of Tramadol (100%) (p=0.001)> EHEXA (82%) >
ketoprofen (74%) > DXA (65%). Potency (EDso): DXA (6.65
mg/kg) ~ EHEXA (7.50 mg/kg) = ketoprofen (7.75 mg/kg) <
tramadol (8.52 mg/kg).

3.4. Impact of Naloxone on Ximenia americana extracts
anti-nociceptive properties

Ximenia americana extracts (10-150 mg/kg) significant
inhibited contortions compared with control (p<0.05) with
pain reducing from 60 to 94%. Co-administration Naloxone
(NLX, 2 mg/kg) + Ximenia americana extracts (5-150
mg/kg) at doses >10 mg/kg reduced analgesia potential to 40-
55% (p=0.001 vs extracts alone).
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Kruskal-wallis test: Values expressed as mean standard deviation; risk a=5%; Significant difference #p < 0.05;

0.001; tramadol compared with H20 negative control group.
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Figure 7: Effect of naloxone on the action of Ximenia americana extracts at T 30 min

4. Discussion

The objective of this study was to quantify analgesic potential
of substance using pharmacodynamic parameters, efficacy
and pharmacological potency. These parameters are tools
used to compare several drug substances with each other.?4-%
Subsequently, involvement of opioid receptors was
investigated.

In our previous study, we demonstrated analgesic
potential of Ximenia americana extracts 30 minutes after
induction of pain by acetic acid.® In order to ascertain whether
this analgesic effect was transient or enduring over time,
evaluation was extended to 60 and 90 minutes following pain
induction. Pharmacodynamic parameters were determined in
order to quantify this effect. Subsequent to results obtained

on subject of analgesic effects, a search was initiated for a
mechanism of action that was mediated by opioid receptors.

Analgesic effects of DXA and EHEXA were sustained
from 60 minutes to 90 minutes, with a dose-dependent
inhibition of abdominal contortions at T60 minutes and T90
minutes.

With regard to pharmacodynamic parameters, DXA and
EHEXA exhibited pharmacological efficacy similar to that of
reference drugs (paracetamol and tramadol) (Emax= 100% at
T90). However, with regard to pharmacological potency,
DXA demonstrated consistent potency over 60-90-minute
period (EDso: 1.60 mg/kg at T60 minutes versus 1.70 mg/kg
at T90 minutes). In contrast, EHEXA exhibited a 10-fold
increase in potency from T60 minutes (EDso = 7.07 mg/kg)
to T90 minutes (EDsp = 0.6 mg/kg), indicating an
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enhancement in its efficacy over time. However, EDs of
EHEXA is not precise because the semi-logarithmic
transformation of dose-response curve did not produce a
sigmoid.

In  comparison with tramadol, DXA exhibited
comparable potency at 60 minutes, while EHEXA
demonstrated a twofold reduction in potency. Extracts were
found to be more potent than paracetamol. However, at 90
minutes, EHEXA (EDso= 0.60 mg/kg) was found to be five
times more potent than tramadol (EDs,=3.16 mg/kg), while
DXA (1.70 mg/kg) was approximately three times more
potent.

By superimposing our previous results on those of
present study, it was found that pharmacological efficacy of
extracts and reference substances remained constant (100%)
from 30 minutes to 90 minutes. However, with regard to
pharmacological potency, an increase in potency of DXA was
observed. EDso of DXA exhibited a range from 2.84 mg/kg
at 30 minutes to 1.70 mg/kg at 90 minutes, indicative of 1.6
fold increase in potency. For EHEXA, EDso decreased from
7.94 mg/kg at 30 minutes to 0.60 mg/kg at 90 minutes,
indicating a 13-fold increase in potency. In contrast, potency
of tramadol and paracetamol remained consistent over the
duration of study, ranging from 30 minutes to 90 minutes.

Present findings are in accordance with the research
conducted by Konaté Kiessoun et al. in Burkina Faso, which
demonstrated that analgesic efficacy of polyphenol-rich
fractions of aqueous acetone extract of Ximenia americana
root, administered at a dose of 200 mg/kg, remained
consistent until a duration of five hours had elapsed in an
acetic acid-induced pain model. °

As Writhing test is non-selective for pain, it is possible
that our extracts could have activities on pain, inflammation
or even spasms.?”? As demonstrated in extant literature, both
extracts exhibit analgesic potential, which is likely
attributable to the inhibition of pain mediators, including
prostaglandins, opioid receptors, and simultaneous inhibition
of multiple pain signalling pathways.?%-3!

In order to pursue this pharmacological investigation,
formaldehyde test was utilised, a method which is widely
regarded as the standard for assessing nociception in animals.
This approach offers significant advantage of enabling
discrimination between neurogenic and inflammatory
components of pain.?:32

Results of neurogenic phase of formaldehyde test
demonstrated dose-dependent analgesic activity of DXA and
EHEXA extracts on neurogenic pain. Present study
demonstrated that EHEXA was marginally more efficacious
than DXA. EHEXA demonstrated a comparable analgesic
effect to DXA, exhibiting similar EDso values (6.28 mg/kg for
EHEXA versus 6.48 mg/kg for DXA).

Pharmacological potency of both extracts was found to
be significantly greater than that of tramadol
(EDso=15.47mg/kg, p=0.001). Nevertheless, efficacy of these
medications was found to be inferior to that of tramadol. It is
therefore hypothesised that extracts of Ximenia americana
have potential to be developed as new analgesic
pharmaceutical agent.

A review of extant scientific literature reveals that
Ximenia americana possesses significant analgesic potential
in context of formaldehyde-induced neurogenic pain.*-:3

In late phase of formaldehyde test, results obtained
demonstrated that of two extracts, EHEXA was more
effective than DXA. Ketoprofen utilised as a reference in this
study exhibited reduced efficacy in comparison to EHEXA,
yet demonstrated superiority over DXA. With regard to their
pharmacological potency, no significant difference was
observed between extracts (p=0.098). Potency of ketoprofen
(EDso=7.747mg/kg), utilised as a reference substance,
exhibited no statistically significant variation from that of
extract (Keto-DXA p=0.078; Keto-EHEXA p=0.673). These
results suggest that two Ximenia americana extracts could
therefore be a candidate drug for treating pain of
inflammatory origin.

Findings of this study are in accordance with results of
several scientific studies which suggest that Ximenia
americana possesses analgesic properties for inflammatory
pain induced by formaldehyde, 3113334

In traditional medicine, Ximenia americana extracts are
utilised for the treatment of joint pain and rheumatism in
Ivory Coast,3 Senegal,® and Burkina Faso,* toothache in
Benin®” and Tanzania,*® and simple muscular pain in massage
in South Africa® and Mali.*

As the neurogenic phase of formaldehyde test
progresses, there is an observable increase in
pharmacological efficacy of DXA and EHEXA, with values
rising from 42% to 65% and 55% to 82%, respectively. This
phenomenon is indicative of an inflammatory phase
transition. Nevertheless, pharmacological potency of extracts
remained constant, ranging from 6.48 to 6.65 mg/kg and from
6.28 to 7.50 mg/kg for DXA and EHEXA, respectively.

Observed effects of extracts can be attributed to
interaction of mediators from neurogenic (Substance P,
CGRP, glutamate) and inflammatory (TNF-a, IL-153, PGE2)
phases with opioid receptors (u, 8, «), which modulate pain.
p-Opioid agonists have been shown to inhibit the release of
Substance P and pro-inflammatory cytokines, while 3-opioid
receptors have been observed to attenuate hyperalgesia.
Exogenous opioids such as morphine have also been
demonstrated to potentiate anti-inflammatory effects by
interfering with COX-2 pathway. 142

It is acknowledged that tramadol exerts its effects, at
least in part, through stimulation of opioid receptors.**4 In
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light of this, an investigation was conducted to ascertain the
impact of our extracts on these receptors, given their superior
potency in comparison to that of tramadol.

Co-administration of naloxone with extracts resulted in
a reduced pharmacological effect for both extracts. However,
at a dose of 5 mg/kg, co-administration of naloxone did not
result in any change in analgesic effect of two extracts. It was
only at doses ranging from 10 to 150 mg/kg that a
modification of analgesic effect was observed. Furthermore,
it was observed that this inhibition increased over time. For
instance, an experiment was conducted in which a dose of
100 mg/kg was administered at T30, T60 and T90 minutes.
Results demonstrated a reduction in pharmacological effect
of 23%, 47% and 74% for DXA and 42%, 62% and 84% for
EHEXA, respectively. These findings provide evidence for
the reversible effect of naloxone.

Furthermore, intrinsic () activity of extracts on opioid
receptors can be quantified.*> Therefore, on basis that
intrinsic activity of tramadol (Emax=94%) is equal to 1, it can
be hypothesised that the intrinsic activity of DXA and
EHEXA is 0.44 and 0.58, respectively, during neurogenic
phase of formaldehyde test. Consequently, Ximenia
americana extracts can be regarded as partial agonists.

These results allow us to hypothesise that analgesic
activity of our extracts is mediated in part by opioid receptors.
Furthermore, the analgesic effect of this substance, which is
mediated by opioid receptors, has been observed to increase
over time. The release of active ingredients from the complex
is a gradual process, and this is the basis for justification of
extract as a complex of active substances.*®

In contrast to work of Pessoa et al, which evaluated
mechanism of action of a hydroethanol extract of Ximenia
americana at a single dose of 100 mg/kg, our work evaluated
a dose range from 5 mg/kg to 150 mg/kg.!

Consequently, extracts of Ximenia americana (DXA and
EHEXA) exhibited a dose-dependent response in
antinociceptive pathways. Furthermore, DXA and EHEXA
demonstrated non-opioid activity at a dose of 5 mg/kg and
opioid action from 10 mg/kg. This opioid activity persisted
up to a dose of 150 mg/kg.

These results are consistent with those of Pessoa et al.
who demonstrated that HEXA (100 mg/kg) and morphine
significantly reduced nociception time (57.28% and 94.20%
respectively, p<0.0001), with an effect reversible by
naloxone, confirming involvement of the opioid system.!

The discrepancy in effect between the DXA and EHEXA
extracts can be attributed to their phytochemical composition.
Flavonoid assay revealed a substantial discrepancy between
the two extracts.

5. Conclusion

Pharmacodynamic analysis showed that Ximenia americana
extracts had comparable efficacy and potency to reference
drugs (tramadol, paracetamol, ketoprofen), with effects
lasting 90 minutes like tramadol. Their analgesic action
involved opioid receptors at doses >10 mg/kg, acting as
partial agonists (intrinsic activity <1). These findings suggest
their potential as phytomedicines for pain relief via partial
opioid agonism.
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